The 132 subunits of tryptophan synthetase, formula a2132, from Escherichia coli, Shigella dysenteriae, Enterobacter aerogenes, Salmonella typhimurium, and Serratia marcescens were compared by three criteria. (i) 
The terminal reaction in tryptophan biosynthesis is catalyzed by tryptophan synthetase [L-serine hydro-lyase (adding indole), EC 4.2.1.20]. In the bacteria, the enzyme has the formula a2,2 (1) . This molecule dissociates into a and j32 subunits which have been separately purified (6, 16) .
Recently, a comparative study was made of the a subunits of five members of the Enterobacteriaceae which included Escherichia coli, Shigella dysenteriae, Enterobacter aerogenes, Salmonella typhimurium, and Serratia marcescens (10) . They were found to be rather uniform with respect to their affinity for the 132 subunit of E. coli and in their stimulation of the enzyme activity of the E. coli f12 subunit.
In contrast, quantitative immunochemical analysis revealed that portions of the surface of the a subunits had undergone marked alteration. Because the a and 132 subunits are functionally interdependent, it was of interest to inquire whether the homologous series of 132 subunits exhibited a similar set of properties. The results of our subunit binding and immunochemical studies are presented in this report.
MATERIALS AND METHODS
Bacterial strains. S. dysenteriae mutant 16 was kindly provided by Charles Yanofsky; S. marcescens mutant HY 274 was obtained from William Belser. All strains used in this investigation were tryptophan auxotrophs; E. coli A2/F'A2, S. typhimurium C-44, and S. marcescens HY 274 are a subunit mutants. S. dysenteriae 16 is blocked before tryptophan synthetase in the tryptophan pathway and demonstrates full a and 62 subunit activities. E. aerogenes 62-1 is blocked in anthranilate synthesis as well as in the synthesis of phenylalanine and tyrosine; it also shows both a and 132 subunit activities. Growth conditions for the various tryptophan auxotrophs have been previously described (10) .
Extract preparation. The standard procedure for preparing extracts containing 132 subunit was as follows. The cells were suspended in 0.1 M potassium phosphate buffer (KPB), pH 7.0, containing 10 Ag of pyridoxal phosphate (PLP) per ml and 1 mM 2-mercaptoethanol, and disrupted in a French pressure cell. The homogenate was centrifuged to remove cellular debris and treated with 5% protamine sulfate (3 ml/100 ml of extract). After stirring for 20 min, the precipitated nucleic acids were removed by centrifugation. The resulting supernatant fluid was then dialyzed overnight against 0.05 M KPB, pH 7.0, con-ROCHA, CRAWFORD, AND MILLS ethanol. Dialysis was followed by centrifugation of the dialysate for 60 min at 100,000 x g. This procedure gave a supernatant solution free of nonspecific anticomplementary material.
For some a-,B binding experiments, the a subunit was removed from the E. aerogenes and S. dysenteriae extracts by heating to 54 C after fortification with 100 ,ug of PLP per ml (16) .
Antisera preparation and characterization. Antisera were prepared against purified 132 subunit of E. coli. Two rabbits were injected in the toepads and footpads with 12.8 mg of purified f,2 subunit in Freund's complete adjuvant. After 7 and 8 weeks the rabbits were bled, and the primary serum was obtained. The sera from both rabbits were then pooled and labeled R-2870-71. Both rabbits were subsequently boosted intravenously with 1.0 mg of purified 132 subunit in 0.15 M NaCl. After 1 week the rabbits were bled, and the individual second course sera were obtained and labeled R-2870 and R-2871.
Quantitative microcomplement fixation and enzyme neutralization assays were performed as previously described (9, 15) .
In immunodiffusion, the three sera used in these experiments gave a single sharp band of identity (no spurs) against either purified ,B2 subunit or crude homogenates of E. coli.
In quantitative microcomplement fixation experiments, antiserum R-2871 was used at a dilution of 1/7,000, R-2870 was used at 1/8,000, and R-2870-71 at 1/3,500. At these dilutions, the antisera are specific for the 132 subunit according to the following criteria. Extracts of E. coli AB8, a strain with a deletion of the trpA and trpB genes, were prepared from cells grown under conditions identical to those used to obtain 12 subunit. Although these extracts demonstrated derepressed levels of trpD and E gene products (i.e., glutamine-dependent anthranilate synthetase), they gave no reaction with the antisera at the indicated dilutions.
Nonetheless, since some of the experiments required higher concentrations of the antisera, 20 ,ug of the deletion extract per ml was routinely incorporated into the antisera to insure that only antibodies specific to the 132 molecule were available for reaction.
The a-,B association constants were determined by a modification of the procedure of Creighton and Yanofsky (3) described by Murphy and Mills (9) .
The activity of tryptophan synthetase in the conversion of indole -tryptophan was determined by following the time-dependent disappearance of indole (14 (9) . The association con- AT, the activity when the total a subunit present is saturated with 132 subunit; Br, the activity when the total 132 subunit present was saturated with a subunit. Rearrangement of the expression yields AB/AT -AB = KABr-K A(AB). The quantity AB/AT -AB, when plotted against AB, gives a linear function with a slope equal to -KA and an intercept on the AB axis of Br.
In these experiments different known amounts (AT) of E. coli a subunit were added to constant amounts of 132 subunit from each strain, and the activity of the complex formed (AB) was determined for each AT. A typical experiment is shown in Fig. 1 (Fig. 2) . As described in Materials and Methods, neutralization results were obtained by incubating 132 subunit and antiserum for 10 min at 0 C and then adding substrates and saturating quantities of E. coli a subunit. This procedure introduced no bias into the results, even though the binding constants of the E. 80% complement fixation at maximum with E. coli a subunit, fixation with S. typhimurium a subunit was barely perceptible, and none was observed with E. aerogenes or S. marcescens a subunit. From Fig. 3B it can be seen that S. marcesens /32 subunit gave the same extent of fixation with R-2871 at 1/4,000 as did the E. coli /32 subunit at a dilution of 1/7,000. The ratio of antiserum concentrations required with homologous and cross-reacting antigens to give identical levels of complement fixation is termed the index of dissimilarity. For S. marcescens /32 subunit the index is 1.8. From the extent of their cross-reactivity with R-2871 (Fig. 3A) , it can be seen that the S. dysenteriae /32 protein is indistinguishable in this test from that of E. coli, and the dissimilarity indexes for E. aerogenes and S. typhimurium /32 subunits are about 1.2 and 1.4, respectively.
Since E. coli /32 subunit and S. marcescens /2 subunit represent the extremes in terms of indexes of dissimilarity, it was of interest to examine their immunological cross-reactivity with other E. coli /32 subunit antisera. Figure  4A shows the complement-fixation reactions of the f/2 subunits with antiserum R-2870-71, a first course pool. With the S. marcescens /32 subunit, a plot of maximum fixation versus antiserum dilution (Fig. 4B) shows a linear relationship indicating that, at a dilution of 1/1,500, S. marcescens /32 subunit gave the same percent fixation as did the E. coli /32 subunit at 1/3,500. Thus, for antiserum R-2870-71 the index of dissimilarity was 2.3 as compared with 1.8 for antiserum R-2871. Similarly with antiserum R-2870, a second course serum, the index of dissimilarity for the two proteins was 1.8, identical to that obtained with antiserum R-2871. With antiserum R-2870, E. coli /32 subunit gave maximum fixation at a dilution of 1/8,000 and S. marcescens /32 subunit at 1/4,500. Thus, the cross-reaction between the /32 subunits was much more extensive than that for the corresponding series of a subunits (Table 3) .
DISCUSSION
In certain respects the evolutionary divergence within the enteric bacteria of the /32 subunits of tryptophan synthetase parallels that of the a subunits. Quite similar data were obtained by comparing a/3 association constants and antiserum neutralization results for both sets of proteins. The a/3 association constant for the /32 subunits from E. coli and S. marcescens with E. coli a subunit showed the greatest divergence, 3.6 x 10" M-' and 0.33 x 108 M-1, respectively. At 37 C these values correspond to standard free energies of association of 12.2 and 10.7 kcal/mole, a difference of 12%. Similarly the cross-reaction in enzyme neutralization among the various /32 subunits with antiserum to E. coli /2 was extensive and comparable to that observed with the unit (Table 2) . It is reasonable to inf these tests focus on the regions of mu traction between the a and : subuni that evolutionary changes in one sub hand in hand with comparable change, other subunit.
A striking difference was observed E the two sets of proteins in their cross-re in microcomplement fixation. In thi nique, as well as the quantitative pro reaction with which it shows excellent tion (12) , any antigenic determinant surface of the protein can contribute reaction. It thereby offers a more gener of the antigenic surface of a protein th antiserum neutralization. In practice I crocomplement fixation reaction has b served to be an excellent discriminant, even more sensitive than the precipitin reaction, among molecules having close antigenic relationships (11, 13 Another argument is that since the number ritiserum of determinants on the #,2 molecules is unt was at known, the fraction of the total amino acids of S. mar-the protein included in these determinants is 000 (0), also unknown. Therefore, cross-reaction is uncompleLted as a 
